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ABSTRACT 
A study on the diversity and distribution of marine wood borers was conducted in 
Blungei Bay, Lundu, Sarawak. A total of 26 species of organisms including non-boring 
related organims was sampled. Only 12 species of marine wood borers which were 
categorized under the bivalves were found during the study. Teredo sp. number was the most 
abundant marine borer at Blungei Bay mangrove. Bactrophorus thoracites, the shipworm and 
Neanthes sp., the polychaete were the two species found at all sampling site except at higher 
intertidal zone, near the estuary environment. Correlation analysis shows that salinity 
influence the number of species occurences. 
Key words: marine wood borers, mangrove, intertidal. 
ABSTRAK 
Kajian tentang kepelbagaian dan taburan pengorek kayu marin telah dijalankan di 
Lundu, Lundu, Sarawak. Terdapat sejumlah 26 jenis spesies organisma yang juga 
merangkumi organisma bukan jenis pengorek kayu telah disampel di dalam kayu yang telah 
mati dan reput. Hanya 12 spesies pengorek kayu marin yang dikategorikan dalam kumpulan 
bivalvia telah dijumpai semasa kajian ini dijalankan. Teredo sp. adalah spesies yang banyak 
sekali dijumpai di kawasan bakau Teluk Blungei. Bactrophorus thoracites, iaitu sejenis 
cacing kapal dan Neanthes sp., sejenis cacing polikita telah dijumpai di hampir kesemua 
kawasan kajian kecuali kawasan atas zon pasang surut, di bahagian muara sungai. Analisis 
korelasi menunjukkan saliniti mempengaruhi secara negatif jumlah kehadiran spesies. 




Sarawak has large covers of mangrove forest and the area was estimated to be 173616 
./ 
hectares (Chai, 1975). Mangrove ecosystem has a very diverse community of flora and fauna. 
Marine wood borers were among the fauna found in the aquatic environment of the mangrove 
forests. Most of the Malaysian especially those of non related to the field of wood science are 
still confused or not even noticed, assuming that marine wood borers are represented by the 
shipworms only. Marine borers are classified into three main groups. This includes Bivalvia, 
Crustacea and Amphipoda. Under the Crustacea group is the genera of Limnoria sp. and 
Sphaeroma sp. which are categorized under family Limnoriidae and Sphaeromatidae 
respectively. Chelura sp. belongs to family Cheluridae is under the Amphipoda group. The 
Bivalvia consists of fourteen genera and 66 species which is categorized under the family 
Teredinidae and Pholadidae. 
Science begins to study of the shipworms only when these creatures gave a massive 
problem to human as in the big flood tragedy in Netherlands where the wooden dyke was 
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collapsed by the worms in 1731 (Sell ius, 1733). The shipworm is classified into the bivalve 
even though their morphology is highly adapted to live in the wood. These organisms have a 
specialty to live in the aquatic environment. Shipworm retain some water in their organs 
during low tide or block the entrance with their body parts to prevent from desiccation 
process. Most of the organism has the ability to bore inside wood or make burrow in the 
woods. For the Bivalvia group, such as the Teredinidae and Pholadidae families, they have 
larvae stage they are able to penetrate inside the wood. These larvae at first find a suitable 




The existing of shipworm in tropical and temperate area can be noticed through many 
literature written by scientist all over the world. Basically, it is similar to other bivalves 
apparently in the young stage before body elongation process starts. The shipworm is related 
to boring clams that prefer hard substrates or mud bottoms. It does not rely solely on wood for 
food, but also feed on zooplankto~ and phytoplankton that they suck in through their siphons 
as it is also a filterfeeder. The shells have toothed ridges, which are used to scrape off the 
wood. Multiple rhythmic sex changes phenomenon is a normal characteristic of most of the 
shipworm. This organism is a hermaphrodite at early life stage. However, adult shipworms 
have separate sex in their life (Kasyanov, 2001). 
The shipworm has been recognized for thousands of years as a nuisance specIes 
(Menon, 1957; Tan, 1970; Turner & Johnson, 1971; Castagna, 1973; Chong, 1979; Sipe et al. 
2000). Marine wood borers caused many problems to human made wooden structures like 
jetties, boats, and wharves or wooden building built on or in the water. Mariners as early as 
412 BC attempted to protect their ships' hulls from the dreaded worm with combinations of 
chemicals, including arsenic, sulphur and oil. Today methods of protection and materials have 
changed - pilings are made of pressure-treated wood that resists infestation, hulls are treated 
with anti-biofouling paint or made of fiberglass - but the shipworm remains a formidable pest, 
capable of serious damage. 
The presence of Teredo, Bankia, Lyrodus, and Limnoria was shown in Penang harbour 
during the wood biodeterioration study (Jones et al. 1972; Eaton, 1982). In Sabah waters 
where there was log storage ponds, the occurrence of the six Teredinidae, three pholads and 
one limnorid have been reported. Berry (1972) found the presence of Chelura terebrans and 
Marlesia in the west Malaysia mangrove during his study. In the mangroves of Sementa 
KIa ' Jubir (1985) found six Teredinids, one pholad and one spharoematid. Santhakumaran 
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et al. (1985) found about 54 species of marine wood borers in Indian waters. Singh & 
Sasekumar (1994) and Norasmah (2002) reported that about 34 species of marine wood borers 
were found in both Malaysia and Singapore waters. A study of baseline data in Sematan 
mangrove forest has also found the occurrence of the shipworm (Asthon et al. 2003). 
The objectives of the study are to describe species composition, diversity and 
distd bution pattern of marine wood borers in Blungei Bay mangrove. The other objectives are 
to mea ure environmental parameters gradient and to examine their relationship with species 
diet. The third objective is to identify wood preferences of marine wood borers and the 
relationship between physico-chemical and number of species were also being study out. 
Materi~ls and methods 
Description ofstudy site 
Location of the study site is at estuary (01 0 46' 46.8" Nand 1090 50' 35.4" E) of 
BJungei Bay mangrove area. The study was done on dry season. Tidal range from 2.5 m to 3 
m. Blungei River is approximately 5 km long with its river width is from 20 m to 30 m. The 
study area is located at the river mouth or from the estuarine area up to approximately 600 m 
upstream. Three stations were selected for the study: estuarine area, middle of the river and 




The river as shown in Figure 1 is split into Blungei Besar River and Blungei Kedl 
River. The common vegetation that occurs in that area are Aegiceras corniculatum, A vicennia 
alba, Ceriops tagal, Lumnitzera racemosa, Rhizophora apiculata, Rhizhophora mucronata 
and Sonneratia alba. The dominance species is the Rhizhophora mucronata and Rhizophora 
apiculala. Observation at surrounding area of the study site showed that the Blungei Bay 
mangrove forest area has been exploited by local people especially for wood. Fallen trees with 
diameter of breast height (DBH) range from 8 cm to 15 cm were observed at every sampling 
ite. An abundance of substrates for the settlement of marine wood borers will provide a 
suitable environment for the study of its diversity and distribution . 
• 
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A parallel transect lines along the river were establish perpendicular to the sea. 
Transect lines were done at lower intertidal zone and higher intertidal zone respectively. 
Only one side of the Blungei River is used for ecological diversity sampling. The river was 
assigned into three areas: near the estuary, middle of the river and upstream with each 
location is approximately 200 m long. Two transects was used to compare marine wood 
borers composition from lower zone and higher zone. Measurement of water quality 
parameters such as pH, temperature (CO), salinity and dissolved oxygen (D. 0) were 
detennined in situ. Water salinity were determined using the salinometer - the Atago Hand 
Refractometer (Japan model S-28). Dissolved oxygen and temperature of the water were 
measured using the YSI Oxygen Meter (USA model 55/12 Fl). The pH of the water were 
determined usingJENWAY Portable pH Meter (UK model 3305). Soils were also collected up 
to the depth of 10 em with soils syringe sampler. Particles size distributions of the soil were 
determined through mechanical analysis as outlined by Gee and Bauder (1986). 
Any old rotten wood buried in the mud along the lower intertidal zone was taken 
randomly and they were split open with an axe or long knife, depending on the wood size. 
Length and diameter of the collected wood were recorded before extracting marine wood 
borers inside the wood. The wood was cut into one to two meters long if it was too long. The 
wood must not be too rotten as the marine wood borers were most probably had left the wood. 
This process was repeated again at hig,her intertidal zone. Overall there were 26 samples of 
woods that were collected. Any organisms inside the wood was then taken out with forceps 
and placed inside a plastic bag and labeled with wood number and zone types. The best 
practice to cut the wood is by using a hammer and some chisels in order not to destroy or cut 
the important part of the organisms. 
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The plastics bags which were containing samples were preserved in bottles contained 
with 70% ethanol and 30% glycerin or distilled water mixture (70:30 v\v). Marine wood 
borers especially from the Teredinidae family were very easily broken by drying process. 
Preservation method by using ethanol-glycerin combination is preferable than by ethanol­
water combination in order to keep the specimens from drying out. 
Laboratory works and identification ofmarine wood borers 
A sample of marine wood borer was taken out and placed under stereo microscope to 
ob erve its morphology only. The pallet of the shipworm is the main part for identification. 
Other marine wood borers were also observed with stereo microscope. Species were identified 
following Chu (1949), Turner (1966 & 1971), Kuhne (1972), Kozloff (1990), Barnes et al 
(1991), Bhamrah & Suneja (1991a & 1991b), Lehmkuhl (1997) and Pechenik (2000). 
Statistical analysis 
Descriptive statistic including the mInImUm and maXImum values, means, and 
standard errors of environmental parameters were calculated. Correlation analysis between 
environmental variables and number of species were conducted to identify the relationship 
between environmental parameter and species diversity. All statistical analysis were done 
with SPSS version 11.0 (2001). All significant difference are at p < 0.05, unless otherwise 
stated. One way analysis of variance was used to test for significant differences in the 
diversity, number of individuals and number of species between lower intertidal zone and 
higher intertidal zone. Marine wood borers community structures were analysed in term of 
total number of species (S), its diversity (H), its evenness (1) and richness (D). 
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Shannon-Wiener index (H') 

H' = - ~ (Pj) log2 ( Pj ) 





nj =the total number of individuals for species i 





Pielou Evenness index U') 





H = species diversity (Shannon-Wiener index calculated result) 

S = total number of species in the sample 

Margaler index (D) 





S =total number of species in the sample 





Results and discussion 
Marine wood borers species composition 
A total of 829 individuals of marine wood borers belonging to 26 species from 14 
families were collected from Blungei Bay mangrove, Lundu (Table 1). Analysis based on the 
number of species caught showed that 12 species are from the bivalves group; 11 species are 
from Teredinidae and the remaining one species is from Pholadidae. Teredo sp. made up 
48.37% of the total individuals of marine wood borer sampled at Blungei Bay mangrove. 
Bactrophorus thoracites, the shipworm and Neanthes sp., the polychaete were the two species 
found at all sampling site except at higher intertidal zone, near the estuary environment. 
Bactrophorus thoracites was the largest sampel of marine wood borers caught in the study 
with the size reach up to 40 cm. 
Percentage of marine wood borers grouped by family members were shown in Figure 
2. Number of individuals at lower intertidal zone was higher than upper intertidal zone. 
Bankia spp. has a total of 141 individuals. There are five Limnoriids sampled during the 
study. The shipworms was represented by Bactrophorus spp., Bankia spp., Dicyathifer sp., 
Lyrodus sp., Teredothyra sp. The isopods is represent by Cirolana harfodi and Limnoria sp. 
Two species of ribbon worms and two species of polychaete were also found living inside the 
burrow of the wood. 
There is one species of insect from family Oedemeridae found at Blungei Bay 
mangrove forest. In the study, two species of flatworm under the Turbellaria class was also 
found living inside an old rotten Rhizophora wood. Limnoria sp. and Cirolana harfordi were 
the two representators from the isopods group found and the number of individuals was rare. 
The Pinnotheridae and Gobidae were the two organisms that were known as commensal 
species with other marine wood borers (Norasmah, 2002; Pechenik, 2000). 
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There are only 12 species of true marine wood borers found which are categorized 
under the bivalves. This number is much less than the study done by Singh and Sasekumar 
(1994), who found 17 species of marine wood borers from the Bivalvia group. This 
differences i may be due to study site at Blungei Bay mangrove was small in area covered 
whilst for Singh and Sasekumar (1994) their study site covering a bigger and wider area. 
Lyrodus bipartitus has been found in the study and it is believes to be endemic in 
South China Sea only. No study has been found out the occurrence of Lyrodus bipartitus in 
India (Santhakumaran et al. 1985). Bankia australis is restricted to New Zealand and 
Australian region, but it has been found in the study (Turner, 1971). Bankia australis, Bankia 
gracilis, Bankia johnsoni, Bankia philippinenesis, Lyrodus bipartitus has not been found in 
Indian coast but those species had been sampled in the study. A possible reason for this to 
happen i because the environment at Indian waters was totally different from Malaysian 
waters. 
Bankia fimbriatula sampling numbers were seem to be relatively abundance in 
Blungei Bay compare to the study done in Brazil by Freitas and Mello (1999). Eventhough 
their study ite covered three environments; the beach, estuary and in the river. Singh and 
Sasekumar (1994) reported that Dicyathifer manni and Bactrophorus thoracites attacked 
living mangrove trees. Nair (1996) reported that Dicyathifer manni was capable of tolerating 
large range of salinity but it was not been sampled at higher intertidal zone in this study. The 
occurrence of the Limnoria sp. in the estuarine area is considered unusual because this species 
is a truly marine species (Eltringram, 1961). In the estuarine area, there is a large fluctuation 
of salinity during high tide and low tide, ranging from 17-30 %0. The individuals sampled 
re small in size (less than 3mm) and exist in small numbers. Most probably, this species 
facing ge fluctuation of salinity. Thus, the growth rate becomes retarded. 
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Table 1: Species composition of organisms sampled at Blungei Bay mangrove forest, Lundu, Kuching. 
Family Genus/species No. Ind. No. Ind. Total 
at Higher at Lower Number of 
Zone Zone Individuals 
Teredinidae Bactrophorus thoracites 56 12 68 
Bankia australis 0 1 1 
B. fimbriatula 0 110 110 
B. gracilis 0 16 16 
B. johnsoni 0 8 8 
B. philippinensis 0 5 5 
Dicyathifer manni 0 52 52 
L yrodus bipartitus 0 1 1 
Teredothyra matocotana 0 45 45 
Bankia sp. 0 1 1 
Teredo sp. 3 398 401 
Pholadidae Martesia sp. 0 1 1 
Cirolanidae Cirolana harfordi 0 6 6 
Limnoriidae Limnoria sp. 0 5 5 
Emplectonematidae Paranemertes sp. 5 0 5 
Lineidae Cerebratulus californiensis 2 0 2 
Nephtyidae Nepthys picta 0 7 7 
Nereididae N eanthes sp. 4 52 56 
Oedemeridae Calopodinae* (Subfamily) 2 8 10 
Ovulidae Pseudosimnia sp. 0 6 6 
Pinnotheridae Pinnixa franciscana 1 10 11 
Golfingiidae Phascolosoma sp. 1 5 6 
Sipunculidae Sipunculus sp. 1 0 1 
Gobidae Pterogobius daimio 2 0 2 
Turbellaria* (Class) Unidentified 1 0 1 
Turbellaria* (Oass) Unidentified 0 2 2 
Total 78 751 829 
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Figure 2 shows the percentage of marine wood borers by family members. There are a 
total of 16 families of marine wood borers sampled at Blungei Bay mangrove forest, Lundu. 
They are Teredinidae, Pholadidae, Cirolanidae, Limnoriidae, Lineidae, Emplectonematidae, 
Nepthydae, Nereididae, Oedemeridae, Ovulidae, Pinnotheridae Golfingiidae, Sipunculidae, 
Gobidae and two unidentified families. The polychaete was represented by two families, 
Nethydae and Nereididae. These polychaetes exist in the burrow as commensal species. 
Besides, the other organisms found in the wood act as commensal species as well. 
r'- 85.4 
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Figure 2. Percentages of marine wood borers sampled at Blungei Bay mangrove by family member. 

Note: A= Teredinidae, B= Nereididae, C= Pinnotheridae, D= Oedemeridae,E= Nepthydae, 





Table 2 shows the value of Shannon-Wiener Diversity Index, Pie lou Evenness Index 
and Margalef Species Richness Index at Blungei Bay mangrove forest, Lundu. The value of 
diversity index (H'), evenness index (J') and species richness index (D) were higher at lower 
intertidal zone compare to higher intertidal zone. Value of diversity index (H') at higher 
intertidal zone seems to be lower at higher intertidal zone compare to lower intertidal zone. 
Table 2: The marine wood borers diversity in Blungei Bay mangrove forest, Lundu. 
Indice Higher Intertidal Zone Lower Intertidal Zone 
HI 1.20 1.73 
l' 3.59 4.78 
D 2.30 3.02 
S 11 21 
N 78 751 
However, Anova test shows that the difference was not significant. Anova test shown 
on Table 3 indicate that only the number of species (S) at lower intertidal zone was 
significantly different from higher intertidal zone. Only a small number of species that can 
survive in extreme condition at higher intertidal zone where there is limited water available 
during low tides. 
Table 3. Anova test for comparison between higher intertidal zone and lower intertidal zone. 
Fcal F cril p-value 
H' 0.16 7.71 0.71 
S 10.32* 7.71 0.03 
N 5.40 7.71 0.08 
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There were a total of 26 pieces of wood collected during the study. The types of the 
wood sampled were one piece of Shorea sp., one piece of Xylocarpus sp., one piece of 
Excoecaria sp., one piece of Ceriops sp. and 22 pieces of Rhizophora sp. Figure 3 shows the 
percentage of marine wood borers sampled inside different types of wood. In the figure, wood 
of Rhizophora sp. seems to be most preferred by the marine wood borers. Wood of the 
Ceriops sp. having the densest number of marine wood borers inside it with the individuals 
reach 59,343 per m3 followed by Excoecaria sp. with 40,218 individuals per m3. Wood of 
Rhizophora sp. ranked third as the densest wood attacked by the marine wood borers with 
8993 individuals per m3• Shorea sp. has the least number of individuals inside it with 59 
individuals per m3 and lastly there were no organisms found inside the Xylocarpus sp. High 
density of marine wood borers in Excoecaria sp. and Ceriops sp were due to wood sampling 
number was small (one piece for each type of wood). 
Ceriops sp.Xyfocarpus sp. 
Shorea sp. 0.00% 5.67% 
0.24% 
Excoecaria sp. 




igure 3. Percentage of marine wood borers sampled at Blungei Bay mangrove in different types of 
d. 
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Water physico-chemical parameters 
There were no abnormalities of water physico-chemical parameters levels found in the 
study. Temperature, salinity, pH, and dissolved oxygen (D.O) reading in the study were in 
acceptable level. Table 4 shows the condition of water physico-chemical parameters at the 
study site for the lower intertidal zone and higher intertidal zone. Dissolved oxygen levels and 
temperature were higher at lower intertidal zone. Salinity and pH value were higher at higher 
intertidal zone. Differences in temperature, pH, and dissolved oxygen (D.O) levels between 
lower intertidal zone and higher intertidal zone were rather negligible. Only salinity levels 
showed a big range between higher intertidal zone and lower intertidal zone, which reached 
up to 13 %0. High pH and D.O levels at Blungei Bay mangrove indicate that the river was 
clean and free from pollution sources. Water physico-chemical parameters levels at Blungei 
Bay mangrove were comparable to water condition at Kakinada Bay, India (Mohan et al. 
1999). D.O and pH levels were higher at Blungei Bay mangrove than at Rajapur Bay 
(Harkantra & Parulekar, 1994). Salinity of the water at Rajapur Bay was comparable to 
Blungei Bay mangrove but higher temperature was experienced at Rajapur Bay (Harkantra & 
Parulekar, 1994). 
Table 4: Physico-chemical parameters of waters at Blungei Bay mangrove, Lundu, Kuching. 
Water parameters Higher Intertidal Zone Lower Intertidal Zone 
D. 0 (mg/L) 5.22±O.18 5.64±O.O4 
Salinity (%0) 29.67±O.17 18.00±O.29 
Temperature (OC) 29.69±O.O3 30.92±O.22 
p 8.43±O.O4 8.03±O.O9 
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Soils Particle Size Distribution 
Data in table 5 shows the composition of sand, silt, and clay in the soil sampled at 
Blungei Bay mangrove forest, Lundu. Lower intertidal zone has higher percentage of sand 
content but lower in silt and clay content compare to higher intertidal zone. Soil class texture 
for higher intertidal zone is sandy loam type to loamy sand type while lower intertidal zone 
has class texture of loamy sand type to sandy type. The sand content was seems to be high and 
low in silt and clay percentage. This high percentage of sand is due to location of the study 
site is situated near to the seashore and there were no logging activities carried out at 
upstream. Percentage of silt and clay content at Blungei Bay mangrove were lower compare 
to location at Rajapur Bay because the length of the river at Rajapur Bay is longer (>50km) 
compare to 5 Ian long Blungei Besar river. Soil textures at Blungei Bay mangrove range from 
sandy loam to sandy condition while at Rajapur Bay, the texture were range from sandy silt to 
silty sand (Harkantra & Parulekar, 1994). Comparison with Marmugao Bay shows that sand 
content at Blungei Bay mangrove was higher but lower in silt and clay content (Ansari et al. 
1994). Particle size analysis of the soils was done because part of the wood sampled was 
submerged in the sediment and there was no study that has been carried out to analyse the 
relation between particle size distribution and diversity of marine wood borers. 
Table 5: Particle size distribution of soils in Blungei Bay mangrove, Lundu. 
Sand (%) Silt (%) Clay (%) Soil Texture Class 
Lower zone 84.53±4.81 6.73±1.48 4.37±1.69 Loamy sand to Sandy 




Table 6 hows a summary of the result of relationship between environmental 
variables and diversity of marine wood borers and as well as the species distribution. The 
analysis shows that salinity of the water do significantly influence the number of species 
occurrence. Silt composition was also do significantly influence the number of species 
occurrence as indicated in table 6. Both water salinity and soil silt content were significantly 
negatively correlated to number of species of marine wood borers in the study area. 
Temperature, pH and sand content seem to affect the number of species existence, but the 
relations were not significant. In the analysis, salinity shows a negative correlation with 
species number. The analysis shows that species richness declined with increases in salinity, 
indicating that only a small number of marine wood borers species that can withstand high 
salinity condition. Silt percent content was also shows a negative correlation with marine 
wood borers species number. Ansari et al (1994) noted that changes in the diversity were 
related to sediment type. This effect could be caused by the behaviour of the organism as a 
filter feeders. Thus, avoiding high silt contains. 
Table 6: Pearson correlation coefficient between water physico-chemical parameters/ particle size 
distribution and number of species at Blungei Bay mangrove, Lundu, Kuching. 








·tical value of correlation coefficient, r =0.729, df =4, n =6, p <0.05, * =significant value 
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Conclusion 
Marine wood borers diversity seem to be higher at lower intertidal zone in the river 
condition. This may not be true in other types of environment. The distribution of marine 
wood borers were predominantly at environment that were low in salinity and low in silt 
content as in the case of this study. Wood types were also reflects the types and numbers of 
marine wood borers inhabit it and depending on the types of common vegetation in that area. 
The study on value of shipworm as a food source might be done to find nutritious value of the 
particular organism. Study of marine wood borers ecology and diversity should also be 
conducted in the future other than Kuching Division in Sarawak. 
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Appendix I 
Regression plot of environmental variables and number of species. 





&.50 -- - - - - - --- - - --- -- - -- ~ - .-





a 	 10 12 14 




 - - .• - - - - - - -. --+ - - - - - - - - - - . 

25.0 
20.0 - - - - - - - - - - - - - _. - - - - .-. - - - - -. ­
1~0L_____--------__----__----__----__--~ 
8 10 12 14 
• 














-- - - -- -. -- -• 
- . --- - - - --- -- -­_.- -. 

a 6 10 12 14 
Number of Species 
12,­ -, 
10 ---- - - -- --- -- - ----- - --. -- ­
8 .. - ---- - - - ---- - - -·- --- - -·- -- ­
6 ---- . ------ -- . -- --- ---- --­
4 ---- - ------ .--- - -~ -- -- ----
2 
o ~--------~--------~--~.~--~ 
o 	 5 10 15 
Number of Species 
~- - ---_._----------' 
22 
::: r-_.-----_ _-----_ _--- _ _---------_ _----_-,_ _ _ -- _ _ _ -- _ . -::.~-- _ _ _ _ _ _ -- _ _
8.40 ---- -. -------...- - - - --- . --- ­
8.30 
8.20:r 
c. 8 .10 
8.00 -- - - -- - - - - -- -- --- --- . ­
7.90 
7.80 
]]0 -1- ---- ---- ---- ..::.:...-)____ __ ________ ________ 
10 12 14 
Number of Species 
32.00 
U 
31.50 -~--- -e.... 





E 30.00 . - - - - - - - - - - - - - - - - - - - - - - - - - _..... 
I ­ . .. .
29.50 
0 2 	 4 6 8 10 12 14 
Number of Species 
50r-------~______________________. 








_ __ _ • __ _ . ____ _ __ _ __ _ . .. ___ _ 
• 
Q, o 5 10 15 
Number of Specie. 
